
March 19, 1964 

Dr. g&l L. Smith 
Department of Blochemlstrp 
University of Californta School of Medicine 
Loa Angelas, California 

near Emil: 

I. would like to repeat how verg much I eujo9ed your fecture @II tb 
evolution of the cytochromesl 8 couple of weeks ago, and particularly 
your thoughtfut retrbttals to a couple of xty apoutaneous questions, 
The conservation of the cytochrome sequence betueem ~r+sst and man is 
absolutely staggering aud it has helped rae to look at the isruss of 
protein &voLution in a completely differant li(tht, puttfnig most of 
tlm stre88 on the functional requiremats of the sequence* 

I thought you Fotght be interested in some varsionu of the 1( Torah” 
a little more compact than tha rolls you dirplaprrd at the meWing, 
which I havs found very helpful Ln ‘Looking at pol9paptidc $equences. 
Thasae are off some of the computer programs we have been playing with 
lately in a so far not very fruitful analysis of tofmon fnfonaation 
in amino acid sequence@c The encloeuree on the cytochroraas show the 
amino acids in Sorm’r code, and with the mine acids mparated into I 
hope not enttrely arbitrary groups, the diasecfioa helping one to see 
how these are organized along a sequenctsr 

The Xerox copies aleo illuotrate another Batching program wherein the 
computer Looks for the bast match of an indkated pair of sequences 
with respect to the number of spaces that one sequence has to be shifted 
ralativa to another, and shoving how far away one hao to look to find a 
matching element in the opposite string. So, for exampla, the consistency 
of matching elsraonts ou 111~4 5 for human heart c9tochrome versus baker’s 
yeast cytochrotm is an indication of what you already know very well, the 
very clooe correspondence between them two atrings subject to an extra 
set of five elemmta at the initial of the yeast. The number at lina -20 
refers to the position that th% computer found most expedltloua to initiate 
the march from at each level. The other similar plot of human heart versus 
pseudomonas eytochrome also shows what you very well know, namly the almost 
complete lack of homology between these two requencos,aud the variety of 
nlenbera seen at -20 show8 how far the computer program had to wander ia 
finding the best avaflabla match over say appreciable intrrval, as poor 
aa that was. These program are organized to allow matching to bs done 
under a variety of conditions of equivalenjXg the prasant display shows fL i; 
the condition of identify. We have rpeut some time tn looking at other 
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mote relmc~a conditfons, for example, functfotial equivalenti eimflar to CC 
those shown on the dissected plots, a6 well as various types of lists of 
permftted mutations on either a theoretical or an experimental basis, 
However, X must say that these relaxed catlditions of equivalenjlg have not 2s 
shown mything eeprrcially i@XWZi%6tftl~ except that the functfona’l. rfmilarity 
doe8 bring out vsry well the string of nine elements that beginr at posftion 
80 in human heart cytochrorae, RWFVYWIIX, which is a pretty good match to the 
sequence NLFYYLII in tha baker’s yeast cytochrome, end which alra has a 
corrsrpundtng oequeaee of nine eltmmts in myoglobin, It is aleo pretty 
plain that the string of hydrophobfc elements followed by the polar amino 
acids is relatively relaxed wfth regard to which polar amino ac$d follows 
precLaely which, just so long as the total charge in that region roughly 
balances out. At least, this is the impression that I get comparing the 
myoglobine and the eptochromea together. But Z certainly would not suggest 
that there is a necerrsary phylogenstic relatfonehlp between these elements 
of structure since it is such an obvious building block for a segment of protefn 
to perform C&d knows what function. I have to state too that in a test of 
randomized sequences we did find a match just as good as this in just one out 
of twenty comparisons of the sam protein strings, so it is difficult to 
attribute even a statistical significance to this, though I find it hard to 
avoid that there is some sense locked up in this group of nine elements. Slncta 
we have reached this impasm, it is not plain that there is very mch zaore 
constructive that we c6n do with these amino acid coinparison programs, but I 
would be delighted to have any suggestions from you. As more and more infoma- 
tton does come out on sequences; of a variety of proteins, T am quite confident 
that this approach wilf be more snd more essentfal, 

Cordially, and with the best of luck (perhaps a little belatedly now) for 
your new porpt, 

I 

Joshua Lederberg 
Professor of Canetics 


